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ABSTRACT
Background  Landmark thrombectomy trials have 
provided evidence that selected patients with large 
ischemic stroke benefit from successful endovascular 
therapy, commonly defined as incomplete (modified 
Thrombolysis In Cerebral Infarction (mTICI) 2b) or 
complete reperfusion (mTICI 3). We aimed to investigate 
whether mTICI 3 improves functional outcomes 
compared with mTICI 2b in large ischemic strokes.
Methods  This retrospective multicenter cohort study 
was conducted to compare mTICI 2b versus mTICI 3 
in large ischemic strokes in the anterior circulation. 
Patients enrolled in the German Stroke Registry between 
2015–2021 were analyzed. Large ischemic stroke was 
defined as an Alberta Stroke Program Early CT Score 
(ASPECTS) of 3–5. Patients were matched by final mTICI 
grade using propensity score matching. Primary outcome 
was the 90-day modified Rankin Scale (mRS) score.
Results  After matching, 226 patients were included. 
Baseline and imaging characteristics were balanced 
between mTICI 2b and mTICI 3 patients. There was 
no shift on the mRS favoring mTICI 3 compared with 
mTICI 2b in large ischemic strokes (adjusted common 
odds ratio (acOR) 1.12, 95% confidence interval (95% 
CI) 0.64 to 1.94, P=0.70). The rate of symptomatic 
intracranial hemorrhage was higher in mTICI 2b than in 
mTICI 3 patients (12.6% vs 4.5%, P=0.03). Mortality 
at 90 days did not differ between mTICI 3 and mTICI 2b 
(33.6% vs 37.2%; adjusted OR 0.69, 95% CI 0.33 to 
1.45, P=0.33).
Conclusions  In endovascular therapy for large ischemic 
strokes, mTICI 3 was not associated with better 90-day 
functional outcomes compared with mTICI 2b. This study 
suggests that mTICI 2b might be warranted as the final 
angiographic result, questioning the benefit/risk ratio 
of additional maneuvers to seek for mTICI 3 in large 
ischemic strokes.
Trial registration number  NCT03356392.

INTRODUCTION
There is more and more first-level evidence that 
endovascular therapy (EVT) is safe, effective, and 
superior to best medical treatment in patients with 
large ischemic anterior circulation strokes, which 

account for approximately 20% of all large vessel 
occlusions.1–3 In light of these landmark throm-
bectomy trials, current treatment guidelines will 
presumably be amended and endorse EVT for 
selected patients with extensive baseline infarction. 
Consequently, the question arises whether well-
established treatment concepts of EVT fully apply 
to large ischemic strokes.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Prior studies indicate superior functional 
outcomes for complete successful reperfusion 
(modified Thrombolysis In Cerebral Infarction 
(mTICI) 3) compared with incomplete successful 
reperfusion (mTICI 2b)—largely including 
patients with small-to-moderate ischemic 
strokes. It remains unclear whether the 
subdivision of mTICI 2b and mTICI 3 is clinically 
relevant in endovascular therapy for large 
ischemic strokes.

WHAT THIS STUDY ADDS
	⇒ In this retrospective study on endovascular 
therapy for large ischemic strokes, there was no 
significant shift on the modified Rankin Scale at 
90 days toward better functional outcomes in 
mTICI 3 compared with mTICI 2b reperfusion. 
Mortality at 90 days did not differ between 
mTICI 3 and mTICI 2b patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Interventionalists should target mTICI 3 
reperfusion in endovascular therapy for large 
ischemic strokes. However, this study suggests 
that mTICI 2b might be warranted as the final 
angiographic result, questioning the benefit/
risk ratio of additional maneuvers to seek for 
mTICI 3 in large ischemic strokes. This study 
might support intraprocedural decision making 
in endovascular therapy for large ischemic 
strokes, considering that mTICI 2b represents 
the final angiographic outcome in about 40% 
of patients.
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Since the 2000s, the Thrombolysis In Cerebral Infarction 
(TICI) scale and subsequent modifications (mTICI) have become 
standard practice to determine the technical success of EVT.4–6 
The mTICI score grades the extent of tissue reperfusion based on 
the angiographic appearance of the occluded target artery terri-
tory after intervention, ranging from no to complete reperfusion. 
Successful reperfusion is commonly defined as mTICI grade of 
2b or 3, which corresponds to reperfusion of at least 50% of 
the affected vascular territory.7 8 Despite technical advancements 
in EVT, mTICI 2b remained the final angiographic outcome in 
about 40% of patients in recent thrombectomy trials.9

Multiple studies have suggested superior functional outcomes 
for mTICI 3 compared with mTICI 2b reperfusion—largely 

including patients with small-to-moderate ischemic infarction 
on admission.10–12 Accordingly, the European Stroke Organi-
sation–European Society for Minimally Invasive Neurological 
Therapy (ESO-ESMINT) guidelines strongly recommend to 
attempt an mTICI 3 reperfusion, if achievable with reasonable 
safety.13 To date, however, it remains unclear whether the differ-
entiation between mTICI 2b and mTICI 3 is also of clinical rele-
vance for patients with large ischemic strokes.

This study aimed to provide an in-depth comparison of 
functional outcomes and safety measures among patients with 
mTICI 2b and mTICI 3 reperfusion after EVT for large ischemic 
strokes. We hypothesized that mTICI 3 reperfusion is clinically 

Table 1  Baseline, imaging, and treatment characteristics compared between mTICI 2b and mTICI 3 patients before and after propensity score 
matching

Before propensity score matching After propensity score matching

Patients, number (%) Patients, number (%)

All
(n=290)

mTICI 2b
(n=132)

mTICI 3
(n=158) P value*

All
(n=226)

mTICI 2b
(n=113)

mTICI 3
(n=113) P value*

Baseline characteristics

 � Age (years), median (IQR) 74 (62–81) 74 (61–81) 74 (63–82) 0.50† 74 (62–81) 73 (60–81) 74 (63–81) 0.69†

 � Male sex 145/290 (50.0%) 64/132 (48.5%) 81/158 (51.3%) 0.64‡ 117/226 (51.8%) 57/113 (50.4%) 60/113 (53.1%) 0.69‡

 � Medical history

  �  Atrial fibrillation 132/290 (45.5%) 54/132 (40.9%) 78/158 (49.4%) 0.15‡ 100/226 (44.2%) 45/113 (39.8%) 55/113 (48.7%) 0.18‡

  �  Arterial hypertension 208/289 (72.0%) 90/131 (68.7%) 118/158 (74.7%) 0.26‡ 163/225 (72.4%) 76/112 (67.9%) 87/113 (77.0%) 0.13‡

  �  Diabetes 58/290 (20.0%) 21/132 (15.9%) 37/158 (23.4%) 0.11‡ 42/226 (18.6%) 17/113 (15.0%) 25/113 (22.1%) 0.17‡

  �  Dyslipidemia 106/288 (36.8%) 47/130 (36.2%) 59/158 (37.3%) 0.84‡ 89/224 (39.7%) 42/111 (37.8%) 47/113 (41.6%) 0.57‡

 � Prestroke mRS score 0.23‡ 0.88‡

  �  0 208/290 (71.7%) 89/132 (67.4%) 119/158 (75.3%) 164/226 (72.6%) 82/113 (72.6%) 82/113 (72.6%)

  �  1 42/290 (14.5%) 24/132 (18.2%) 18/158 (11.4%) 28/226 (12.4%) 13/113 (11.5%) 15/113 (13.3%)

  �  2 40/290 (13.8%) 19/132 (14.4%) 21/158 (13.3%) 34/226 (15.0%) 18/113 (15.9%) 16/113 (14.2%)

 � Admission NIHSS score, median 
(IQR)§

17 (13–19) 17 (14–19) 16 (12–19) 0.23† 17 (13–19) 17 (14–19) 17 (12–20) 0.77†

Imaging characteristics

 � Occlusion site 0.58‡ 0.71‡

  �  ICA 89/290 (30.7%) 42/132 (31.8%) 47/158 (29.7%) 78/226 (34.5%) 38/113 (33.6%) 40/113 (35.4%)

  �  MCA – M1 171/290 (59.0%) 79/132 (59.8%) 92/158 (58.2%) 127/226 (56.2%) 66/113 (58.4%) 61/113 (54.0%)

  �  MCA – M2 30/290 (10.3%) 11/132 (8.3%) 19/158 (12.0%) 21/226 (9.3%) 9/113 (8.0%) 12/113 (10.6%)

 � Baseline ASPECTS, median (IQR) 5 (4–5) 5 (4–5) 5 (4–5) 0.88† 5 (4–5) 5 (4–5) 5 (4–5) 0.99†

Workflow times

 � Last known well/symptom, onset to 
admission (min), median (IQR)

225 (108–613) 230 (98–662) 217 (112–598) 0.90† 237 (104–644) 243 (93–684) 226 (118–603) >0.99†

 � Missing data, number. 34 14 20 24 11 13

 � Groin to flow restoration (min), 
median (IQR)

35 (24–51) 35 (25–51) 35 (23–51) 0.42† 35 (24–50) 37 (26–51) 32 (23–48) 0.13†

 � Missing data, number 10 6 4 10 6 4

Treatment characteristics

 � Administration of IVT 105/290 (36.2%) 47/132 (35.6%) 58/158 (36.7%) 0.85‡ 76/226 (33.6%) 37/113 (32.7%) 39/113 (34.5%) 0.78‡

 � General anesthesia 224/288 (77.8%) 100/131 (76.3%) 124/157 (79.0%) 0.59‡ 172/224 (76.1%) 84/112 (74.3%) 88/112 (77.9%) 0.53‡

 � Recanalization attempts during EVT, 
median (IQR)

2 (1–3) 2 (1–3) 1 (1–3) 0.005† 2 (1–3) 2 (1–3) 1 (1–2) <0.001†

*Characteristics were compared between mTICI 2b and mTICI patients.
†Mann-Whitney U test for continuous variables
‡χ2 test for categorical variables.
ASPECTS, Alberta Stroke Program Early CT Score; EVT, endovascular therapy; ICA, internal carotid artery; IVT, intravenous thrombolysis; MCA, middle cerebral artery; mRS, 
modified Rankin Scale; mTICI, modified Thrombolysis In Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale.
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superior to mTICI 2b reperfusion in patients with extensive 
baseline infarction.

METHODS
Study design
For this retrospective multicenter cohort study, patients were 
assessed for eligibility who were enrolled in the German Stroke 
Registry–Endovascular Treatment (GSR) between May 1, 2015 
and December 31, 2021. The GSR is an ongoing, prospective, 
open-label, multicenter registry including patients who under-
went EVT in 25 comprehensive stroke centers in Germany (​
ClinicalTrials.​gov identifier: NCT03356392).14 15 The GSR was 
approved by the responsible ethics committee of the Ludwig 
Maximilian University, Munich, Germany (689-15). The local 
ethics committee of each participating center gave approval to 
contribute fully anonymized data to the GSR. Informed consent 
for this study was waived after review of the central ethics 
committee. This study was reported using the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
reporting guideline.16

Study cohort
Inclusion criteria were defined as follows: (1) acute ischemic 
stroke in the anterior circulation due to an isolated occlusion 
of the intracranial internal carotid artery or of the M1 or M2 
segment of the middle cerebral artery; (2) large ischemic stroke 
on pretreatment non-contrast CT defined as Alberta Stroke 
Program Early CT Score (ASPECTS) values of 3 to 5 according 
to RESCUE-Japan LIMIT, ANGEL-ASPECT, SELECT2 and 
TENSION1–3 17—ASPECTS values of 0 to 2 were not included 
due to the extremely poor clinical prognosis1–3 18; (3) age of at 
least 18 years, prestroke modified Rankin Scale (mRS) score 

of 0 to 2, and admission National Institutes of Health Stroke 
Scale (NIHSS) score of 25 or lower according to the inclusion 
criteria of the TENSION study17; (4) treatment with EVT with 
successful reperfusion (defined as grade 2b or 3 on the mTICI 
scale); (5) available data on the mRS score at 90 days. Exclusion 
criteria were defined as follows: (1) occlusion of the extracra-
nial internal carotid artery or tandem occlusion; (2) concomi-
tant stenting therapy. Online supplemental figure S1 provides a 
detailed flowchart of the inclusion and exclusion criteria.

Clinical and radiologic assessment
Patient, imaging, and treatment characteristics were retrieved 
from the GSR. Baseline imaging, digital subtraction angiograms, 
and follow-up imaging were assessed by local investigators at each 
participating center. The extent of baseline infarction was deter-
mined using ASPECTS in 196 (86.7%) patients on non-contrast 
head CT and in 30 (13.3%) patients on MRI. Final angiographic 
outcome was evaluated using the mTICI scale, ranging from 0 
to 3 (without the 2c category), with higher grades indicating 
increased reperfusion. Grade 2b indicates reperfusion of ≥50% 
and grade 3 indicates reperfusion of 100% of the occluded 
middle cerebral artery territory at the end of EVT. According to 
the Second European-Australasian Acute Stroke Study (ECASS 
II), symptomatic intracranial hemorrhage (sICH) was defined as 
the presence of any intracranial hemorrhage within 24 hours and 
a neurological worsening of 4 or more points on the NIHSS.19 
Patients underwent clinical assessment at baseline and at 90 days 
using the NIHSS and mRS.

Outcomes and safety measures
The primary outcome was the mRS score at 90 days. The 
secondary outcome was independent ambulation defined as mRS 

Table 2  Functional and safety outcomes after propensity score matching

After propensity score matching

OR (95% CI)Patients, number (%)

All
(n=226)

mTICI 2b
(n=113)

mTICI 3
(n=113)

P 
value* Unadjusted†† P value Adjusted‡‡

P 
value

Primary outcome

 � 90-day mRS score, median (IQR) 4 (3–6) 4 (3–6) 4 (2–6) 0.71† 1.09 (0.69 to 
1.74)§

0.71 1.12 (0.64 to 1.94)§ 0.70

Secondary outcomes

 � Independent ambulation (90-day mRS score 0–3) 89/226 
(39.4%)

45/113 (39.8%) 44/113 (38.9%) 0.89‡ 0.96 (0.56 to 1.64) 0.89 0.82 (0.38 to 1.72) 0.60

 � Functional independence (90-day mRS score 0–2) 55/226 
(24.3%)

26/113 (23.0%) 29/113 (25.7%) 0.64‡ 1.16 (0.63 to 2.13) 0.64 1.13 (0.51 to 2.52)¶ 0.77

Safety outcomes

 � sICH within 24 hours 19/221 
(8.6%)

14/111 (12.6%) 5/110 (4.5%) 0.03‡ 0.33 (0.10 to 0.90) 0.04 NA** NA**

 � Mortality within 90 days 80/226 
(35.4%)

42/113 (37.2%) 38/113 (33.6%) 0.58‡ 0.86 (0.50 to 1.48) 0.58 0.69 (0.33 to 1.45) 0.33

*Characteristics were compared between mTICI 2b and mTICI 3 patients.
†Mann-Whitney U test for continuous variables.
‡χ2 test for categorical variables.
§Common ORs derived from ordinal logistic regression analysis. Values >1 indicate a shift in the distribution of 90-day mRS scores toward lower values (better functional 
outcomes) favoring mTICI 3 compared with mTICI 2b.
¶All patients with sICH did not achieve functional independence at 90 days (perfect prediction). Thus, the occurrence of sICH was not considered as covariate for this model.
**A multivariable regression analysis for sICH was not performed given the small number of cases (n=19).
††Univariable regression analysis with final mTICI grade (mTICI 2b vs mTICI 3) as independent variable. mTICI 2b was used as reference level.
‡‡Results were adjusted for age, sex, interval from last known well/symptom onset to hospital admission, admission NIHSS, ASPECTS, number of recanalization attempts, and 
occurrence of sICH within 24 hours.
mRS, modified Rankin Scale; mTICI, modified Thrombolysis In Cerebral Infarction; sICH, symptomatic intracranial hemorrhage.

https://dx.doi.org/10.1136/jnis-2023-020724
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score of 0 to 3 at 90 days and functional independence defined 
as mRS score of 0 to 2 at 90 days. Safety outcomes were the 
occurrence of sICH within 24 hours and mortality at 90 days.

Statistical analysis
We conducted a 1:1 propensity score matching without replace-
ment to reduce the possible influence of selection bias and 
confounders on the outcome and safety measures as described 
previously.15 The propensity scores were calculated using a 
multivariable regression model in which the treatment status 
(final mTICI grade of 2b or 3) was regressed on the following 
covariates: age, sex, NIHSS score on admission, and prestroke 
mRS. Online supplemental figure S2 provides more detailed 
information about the propensity score matching.

Descriptive statistics were performed to compare treatment 
groups (mTICI 2b and mTICI 3) before and after propensity 
score matching (tables  1 and 2). Categorical variables were 
reported as counts and percentages and compared between 
treatment groups using the χ2 test. Continuous variables were 
reported as median and IQR and compared between treatment 
groups using the Mann-Whitney U test after assessment for 
normal distribution.

Unadjusted odds ratios (ORs) and adjusted common odds 
ratios (acORs) were estimated by ordinal logistic regression indi-
cating the shift in the direction of lower values (better functional 
outcomes) on the mRS (table 2 and online supplemental table 
S1 and S2). The proportional odds assumption was met (Brant 
test, P=0.83). In addition, unadjusted and adjusted ORs (aORs) 
were estimated for binary outcome measures by logistic regres-
sion analysis (table  2 and online supplemental table S2). ORs 
with 95% confidence intervals (95% CI) were adjusted for age, 
sex, interval from symptom onset or last known well to hospital 

admission, NIHSS score on admission, baseline ASPECTS, and 
the number of recanalization attempts. We performed complete-
case analysis for all regression models. Patients with missing 
values are specified in online supplemental figure S1.

We performed subgroup analyses to investigate modifications 
to the clinical value of mTICI 3 over mTICI 2b based on age, 
sex, time from last known well or symptom onset to hospital 
admission, NIHSS score on admission, site of arterial occlusion, 
and baseline ASPECTS (online supplemental figure S3). Results 
are only adjusted for significant variables from the mRS shift 
analysis to avoid overfitting given the smaller group sizes (online 
supplemental table S1). The results should be considered as 
explorative (hypothesis-generating).

Sensitivity analyses were conducted to support the robustness 
of the main findings (1) by excluding patients with occlusion of 
the M2 segment of the middle cerebral artery (online supple-
mental table S3), (2) by comparison with patients exhibiting 
small-to-moderate baseline infarction (online supplemental table 
S4), and (3) after stratification for the number of recanalization 
attempts (online supplemental figure S4).

A two-tailed P value <0.05 was considered significant for all 
statistical tests. All analyses were performed using R statistical 
software (version 4.1.2, R Project for Statistical Computing) and 
RStudio statistical software (version 2021.09.1+372, Rstudio).

RESULTS
Patient characteristics
A total of 13 082 patients from the GSR were screened, of which 
290 met the inclusion criteria (online supplemental figure S1). 
After 1:1 propensity score matching, 226 patients were included 
for subsequent analyses. Of those, 113 patients had a final 
mTICI grade of 2b (incomplete reperfusion) and 113 patients 
had a final mTICI grade of 3 (complete reperfusion). Across all 
patients, the median age was 74 years (IQR 62–81) and 51.8% 
were male. The median NIHSS score on admission was 17 (IQR 
13–19) and the median baseline ASPECTS was 5 (IQR 4–5). 
Intravenous thrombolysis was administered in 33.6% of cases. 
Patients with mTICI 2b showed a higher number of recanaliza-
tion attempts during EVT compared with patients with mTICI 
3 (median, 2 vs 1, P<0.001). All other baseline, imaging, and 
treatment characteristics were balanced between the two treat-
ment groups after propensity score matching (table 1).

Primary and secondary outcomes
The median 90-day mRS score was 4 (IQR 3–6) after mTICI 
2b reperfusion and 4 (IQR 2–6) after mTICI 3 reperfusion in 
large ischemic strokes (P=0.71). There was no significant shift 
in the distribution of 90-day mRS scores toward lower values 
(better functional outcomes) in mTICI 3 patients compared with 
mTICI 2b patients (acOR 1.12 95% CI 0.64 to 1.94, P=0.70) 
(table 2). The distributions of 90-day mRS scores stratified by 
final mTICI grade are shown in figure 1A. Among patients with 
large ischemic stroke and successful reperfusion, higher age and 
the occurrence of sICH were also associated with worse func-
tional outcomes at 90 days (online supplemental table S1).

Compared with mTICI 2b, a final angiographic outcome of 
mTICI 3 was neither associated with higher odds of achieving 
independent ambulation (38.9% vs 39.8%, P=0.89; aOR 0.82, 
95% CI 0.38 to 1.72, P=0.60) nor functional independence at 
90 days (25.7% vs 23.0%, P=0.64; aOR 1.13, 95% CI 0.51 to 
2.52, P=0.77) (figure 1B). Results for primary and secondary 
outcomes were highly similar before and after propensity score 
matching (Supplementary Table S2) and after exclusion of 

Figure 1  Distribution of modified Rankin Scale (mRS) scores at 90 
days stratified by final modified Thrombolysis In Cerebral Infarction 
(mTICI) grade. (A) Multivariable ordinal regression analysis did not 
show a significant shift on the mRS toward better functional outcomes 
in mTICI 3 patients (adjusted common OR 1.12, 95% CI 0.64 to 
1.94, P=0.70). (B) There was no difference in the rate of independent 
ambulation at 90 days (left: 39.8% vs 38.9%, P=0.89) and functional 
independence at 90 days (right: 23.0% vs 25.7%, P=0.64) between 
mTICI 2b and mTICI 3 patients.
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patients with large ischemic stroke due to M2 segment occlusion 
(Supplementary Table S3). In contrast, functional outcomes at 
90 days differed in EVT for small-to-moderate baseline infarc-
tion favoring mTICI 3 reperfusion (Supplementary Table S4).

Subgroup analyses
The subgroup analyses for independent ambulation are displayed 
in Supplementary Figure S3) and were generally supportive of 
the primary analysis. Compared with incomplete reperfusion 
(mTICI 2b), complete reperfusion (mTICI 3) was not associated 
with a higher likelihood of independent ambulation in patients 
of older and younger age, different sex, shorter and longer time 
between symptom onset or last known well and hospital admis-
sion, lower and higher NIHSS scores on admission, and various 
sites of vessel occlusion.

For further subanalysis, the study cohort was stratified for the 
number of recanalization attempts. There was neither a supe-
rior rate of independent ambulation when complete reperfusion 
was achieved at first pass (mTICI 3 at attempt 1 vs mTICI 2b 
at attempt ≥2, P=0.92), nor when complete reperfusion was 

achieved after multiple attempts (mTICI 3 at attempt ≥2 vs 
mTICI 2b at attempt 1, P=0.74) (see Supplementary Figure S4).

Safety outcomes
The rate of sICH was higher in mTICI 2b than in mTICI 3 
patients (12.6% vs 4.5%, P=0.03). There was no difference in 
death within 90 days between the two treatment groups (33.6% 
vs 37.2%, P=0.58; aOR 0.69, 95% CI 0.33 to 1.45, P=0.33).

DISCUSSION
This retrospective multicenter cohort study provides an in-depth 
comparison between incomplete (mTICI 2b) and complete 
successful reperfusion (mTICI 3) in EVT for large ischemic 
strokes in the anterior circulation. We found that in patients 
with extensive baseline infarction and successful EVT, func-
tional outcomes at 90 days did not differ between mTICI 2b and 
mTICI 3 reperfusion. The rate of sICH was higher in patients in 
which the final angiographic outcome was mTICI 2b. Mortality 
at 90 days was comparable between both groups. This study adds 
new insights into EVT for large ischemic strokes, suggesting that 
the radiological subdivision of mTICI 2b and mTICI 3 reperfu-
sion might have minor clinical implications in this subgroup of 
patients.

Multiple studies found that the rate of post-stroke functional 
independence gradually increased with higher grades of vessel 
reperfusion across the TICI scale—largely including patients with 
small-to-moderate ischemic infarction on admission.20 21 Our 
data reveal that in patients with large ischemic strokes, mTICI 2b 
and mTICI 3 reperfusion did not show meaningful differences 
in functional outcomes at 90 days. This lack of differentiation 
with respect to functional outcomes may appear contradictory 
to the key assumption underlying the treatment effect of EVT: 
The more affected vascular territory is reperfused, the more 
ischemic brain tissue is rescued from irreversible infarction, 
and the less likely are disabling long-term consequences after 
stroke (figure  2A–B). In the following, we present alternative 
approaches which might contribute to the missing translation 
of higher reperfusion into better functional outcomes among 
patients with large ischemic strokes and mTICI 2b/3 reperfusion.

First, the lack of differentiation between mTICI 2b and 
mTICI 3 might be due to futile angiographic improvement in 
EVT for large ischemic strokes. Theoretically, the incomplete 
distal branch filling in mTICI 2b patients could lead to progres-
sive infarction in addition to the ischemic injury on admission 
(figure 2C), but could also represent a persisting occlusion which 
supplies already irreversibly damaged brain tissue—without clin-
ical benefit if reperfused (figure 2D). Notably, the likelihood of 
futile angiographic improvement should increase with greater 
baseline infarction of the affected vascular territory. Further-
more, previous studies suggest that the clinical benefit of mTICI 
3 over mTICI 2b reperfusion progressively decreases over time 
as a result of diminishing salvageable penumbra,22 and ulti-
mately disappears in the late time window,23 in which many low 
ASPECTS patients arrive at hospital. Both correlated variables, 
greater baseline infarction and later hospital admission, could 
partially explain the inconsistent treatment effects of mTICI 3 
over mTICI 2b reperfusion in small-to-moderate compared with 
large ischemic strokes.

Second, arterial collateralization might contribute to the 
highly comparable functional outcomes between incomplete and 
complete reperfusion in large ischemic strokes. Again, patients 
with extensive baseline infarction exhibit on average prolonged 
intervals between last known to be well and hospital admission. 
At the time of baseline imaging, the affected brain tissue, which 

Figure 2  Comparison of incomplete and complete reperfusion in 
endovascular therapy for large ischemic strokes. (A) Illustration of 
a large vessel occlusion with extensive baseline infarction. Before 
endovascular therapy, there is already irreversible ischemic injury in 
major parts of the occluded middle cerebral artery territory (red area), 
besides penumbral tissue indicating still salvageable brain tissue at risk 
(orange area). (B) Optimal scenario of mTICI 3 reperfusion. Penumbral 
tissue is saved by complete reperfusion of the affected vascular territory 
(green area), limiting the ischemic core to the initial injury (red area). 
(C, D) Alternative scenario of mTICI 2b reperfusion. The incomplete 
distal branch filling might lead to (C) progressive infarction in addition 
to the initial ischemic injury (additional red area) and/or (D) persisting 
occlusion supplying already irreversibly damaged brain tissue (blue 
area). mTICI, modified Thrombolysis In Cerebral Infarction.
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until then did not sustain irreversible ischemic injury, might 
receive sufficient arterial blood supply by collateral flow. Thus, 
in the presence of arterial collaterals, increasing reperfusion 
from mTICI 2b to mTICI 3 could be more likely to represent 
needless angiographic improvement, since the reperfused tissue 
would not have died either way.24 In line with this hypothesis, 
a retrospective Swiss study demonstrated a diminishing clinical 
benefit of mTICI 3 over mTICI 2b in patients with favorable 
arterial collateralization.25

Third, the mRS might be insensitive to detect possible, but 
most probably subtle, long-term sequelae of mTICI 2b compared 
with mTICI 3 reperfusion in large ischemic strokes. Although 
the mRS represents a global disability measure which allows 
the clinician to consider non-physical attributes such as cogni-
tion, language, and social functioning, the mRS remains heavily 
weighted toward physical disability and the need for assistance.26 
Since even after successful EVT, the median 90-day mRS score 
is 4 and therefore indicates a generally high degree of physical 
disability, the distinction between for example moderately severe 
and severe disability might be difficult.

Our analysis revealed that in patients with large ischemic 
stroke, mTICI 2b reperfusion showed higher rates of sICH 
compared with mTICI 3 reperfusion. This inverse association 
between higher reperfusion grades and occurrence of sICH has 
been described in previous studies11 27 28 and might be mediated 
by longer procedure time and more recanalization attempts in 
case of persisting vessel occlusion,29 which were also observed 
in our data. These lower rates of sICH after mTICI 3 suggest 
that reperfusion injury might not represent the only pathophysi-
ological mechanism of sICH, even in patients with a pre-existing 
large ischemic core.

Two recent studies found that in large ischemic strokes, mTICI 
2b/3 reperfusion is only associated with favorable functional 
outcomes when restored within two thrombectomy maneu-
vers.30 31 The question arises whether EVT can be stopped as soon 
as mTICI 2b is obtained or whether EVT should be continued to 
achieve mTICI 3. Our study does not suggest that mTICI 3 after 
the first or after multiple thrombectomy maneuvers improves 
functional outcomes compared with mTICI 2b reperfusion in 
extensive baseline strokes. These findings challenge the clinical 
value of additional rescue maneuvers after mTICI 2b reperfusion 
in these highly affected patients. Rescue maneuvers to achieve 
mTICI 3 might entail the risk of jeopardizing the treatment 
success of mTICI 2b reperfusion by adverse events.24 32 33 Finally, 
our results do not allow for a clear recommendation of stop-
ping EVT after mTICI 2b in large ischemic strokes, which would 
eventually require a randomized controlled trial. However, this 
study encourages interventionalists to perform a very careful 
risk-benefit assessment of additional maneuvers as soon as 
mTICI 2b reperfusion is restored in EVT for large ischemic 
strokes. In mTICI 2b patients, a matching of the hypoperfused 
territory with the ischemic region on baseline imaging might 
further improve intraprocedural decision making and warrants 
thorough investigation in future studies.

This study has certain limitations. First, the retrospective 
design might lead to selection bias and reduce the general-
izability of the results, even after propensity score matching 
to balance the treatment groups for baseline characteristics. 
Second, the number of included patients might be insufficient 
to detect potentially small group differences at a given signifi-
cance level of P<0.05. Third, the final angiographic outcome 
was determined using a TICI scale without a finer subdivision 
of TICI 2b and without the TICI 2c category as proposed by 
the expanded Thrombolysis In Cerebral Infarction (eTICI) 

score.20 Subsuming TICI 2b and TICI 2c spans a wide range of 
angiographic outcomes and could reduce potential differences 
in clinical outcomes between incomplete and complete reper-
fusion in EVT for large ischemic strokes. However, previous 
studies in small-to-moderate strokes also used the mTICI scale 
and could demonstrate superior functional outcomes in mTICI 
3 compared with mTICI 2b reperfusion, suggesting important 
differences with respect to the size of baseline infarction.11 12 
Fourth, baseline ASPECTS and final mTICI were assessed by 
local investigators at each participating center, raising concerns 
about interrater reliability. Fifth, the GSR does not provide 
detailed information about perfusion imaging, which precludes 
the analysis of ischemic core and penumbra volumes. Moreover, 
the treatment benefit of mTICI 3 reperfusion might increase in 
the presence of a target mismatch profile derived from perfusion 
imaging.

In summary, future studies should compare mTICI 2b and 
mTICI 3 reperfusion in extensive baseline infarction in a larger 
patient population using the eTICI scale, measures of arterial 
collateralization, and perfusion imaging.

CONCLUSION
This study did not find clinically meaningful differences in 
90-day functional outcomes between mTICI 2b and mTICI 3 
reperfusion in EVT for large ischemic strokes. Our data suggest 
that mTICI 2b might be warranted as the final angiographic 
result in large ischemic strokes. Moreover, this study questions 
the clinical benefit/risk profile of additional rescue maneuvers 
to treat persisting distal occlusions targeting mTICI 3 in these 
severely affected patients. An individual patient data meta-
analysis of the landmark large core thrombectomy trials would 
be of great interest to improve intraprocedural decision making 
in EVT for large ischemic strokes.
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